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tions of 5mg/ml. By varying electrostatic interactions in the system, we demon-
strate the role they play in conferring elasticity to collagen solutions.
2623-Pos Board B609
Molecular Mechanics of Type I Collagen
Stephanie L. Holdener, Heather M. Harper, William G. Matthews.
Understanding the development of extracellular matrix (ECM) mechanics is of
great importance for those interested in cell differentiation and tissue engineer-
ing. Collagen is responsible in large part for the mechanical properties of the
ECM, and this is especially true for the collagenous tissues formed from type I
collagen fibrils. Studies of the flexibility of collagen at the molecular scale
have been underway for some time. However, detailed knowledge of how the
flexibility of type I collagen molecules varies within the molecule has not
been experimentally investigated to date. The collagenmolecules largely are tri-
ple helicies, though non-helical domains are plentiful. Do these non-helical do-
mains result in ‘hinges’, where the flexibility dramatically increases locally? Or
are these small perturbations from the persistence length determined by the he-
lical domains? To address these questions, we have developed a technique that
maps the deviation from a straight path along the molecular length as imaged by
atomic force microscopy. This deviation reflects the local flexibility of the mol-
ecule. We then are correlating these maps between molecules, seeking to assign
local flexibilities to the known amino acid sequence.
2624-Pos Board B610
Experimental Validation of Free Energy Landscape Reconstructions from
Non-Equilibrium Single-Molecule Pulling Experiments
Abhilash Vincent, Amar Nath Gupta, Krishna Neupane, Hao Yu,
Michael Woodside.
Force spectroscopy techniques have been widely used to understand the struc-
tural and elastic properties of proteins and nucleic acids, examining in particular
the conformational changes associated with folding and unfolding transitions.
The free energy landscapes governing these transitions are important for
understanding folding but difficult to measure experimentally. It has been dem-
onstrated that non-equilibrium single-molecule force spectroscopy measure-
ments can be used to reconstruct the profile of the equilibrium free energy
landscape, by employing an elegant extension of the Jarzynski equality. Al-
though this method has been previously applied to experiments and simulations,
it has not yet been validated through quantitative comparisons to equilibrium
measurements of the free energy landscape profile. Here, we are validating
this method through force-extensionmeasurements conducted on DNA hairpins
exhibiting distinct, sequence-dependent folding landscapes.Wefind that the free
energy profiles obtained from non-equilibrium pullingmeasurements agree well
with the landscapes obtained from equilibrium measurements conducted under
constant force. We also investigate the application of the non-equilibrium
method to systems with multiple folding intermediate states, through force-
extension measurements of an adenine riboswitch aptamer with 5 distinct states.
2625-Pos Board B611
Unstressed Off-Rate Determination from Multiple Bond Rupture
Vijay K. Gupta, Charles D. Eggleton.
Using dynamic force spectroscopy to measure the kinetic off-rates of intermo-
lecular bonds currently requires the isolation of single molecules. This require-
ment arises in part because no tractable analytic method for determining kinetic
off-rates from the rupture of a large number of bonds under dynamic forces is
currently available. We introduce a novel method for determining the un-
stressed off-rate from dynamic force spectroscopy experiments involving
a large number of bonds. Using both the Dembo and Bell models we show
that the unstressed off-rate calculated using the proposed method is in good
agreement with the prescribed unstressed off-rate used in Monte-Carlo simula-
tions off multiple bond dynamic force spectroscopy experiments given initial
number of bonds (50-500) and loading rate 103-106 pN/s. The results indicate
that the error in proposed method decreases as the number of bonds increases.
2626-Pos Board B612
Crack Propagation on Networks: A Model for Protein Unfolding
Adam M.R. de Graff, Gareth Shannon, Daniel W. Farrell,
Philip M. Williams, Michael F. Thorpe.
The manner in which proteins respond under an applied force is of direct bio-
logical significance, as a complete understanding of the mechanical, regulatory
and signaling properties of many proteins depend not only on their native state
conformations, but also on the nature of partially unfolded intermediate states
that become populated under an applied force.
The inability of molecular dynamics simulation to reach timescales probed ex-
perimentally has led some to use coarse-grained elastic network models to
study unfolding properties. While computationally efficient, these models
have been limited to the study of the native state.Building on a recently developed method called geometric targeting [1], we use
a constraint-based, all-atom representation to generate complete unfolding path-
ways. The model uses a simplified potential to maintain proper stereochemistry
and representshydrogenbonds, salt bridgesandhydrophobic interactions asbreak-
able inequality constraints. By iteratively increasing the extension of a protein and
breaking constraints according to a set of simple rules, we demonstrate that the
simple and intuitive model of protein unfolding as crack propagation on a con-
straint network is sufficient to capture the unfolding pathways and experimentally
observed intermediates of a diverse set of proteins far from their native states.
[1] Farrell, D. W., K. Speranskiy, and M. F. Thorpe. 2010. Generating stereo-
chemically acceptable protein pathways. Proteins: Structure, Function, and Bi-
oinformatics 78:2908-2921.
2627-Pos Board B613
Computational Modeling Predicts Novel Collagen Conformations During
Mechanical Loading
Jonathan W. Bourne, Peter A. Torzilli.
Collagens contribute to the mechanical strength of many tissues throughout the
body and are generally resistant to ezymatic degradation. As structural proteins,
collagens often experience in vivomechanical forces such as expansion and con-
traction of blood vessels and tension on tendons and ligaments. Collagen cross-
linking, which enhances the strength of these structural networks, occurs during
tissue development and aging. While much is known about the structure of col-
lagen, there is a paucity of data describing how mechanical force transmitted
across these crosslinks affects molecular conformation. We hypothesized that
mechanical force applied perpendicular to the long axis of the collagen triple he-
lix will result in bending and microunfolding of the triple helix structure. To test
this we used SteeredMolecular Dynamics to model the conformation of a colla-
gen peptide when subjected to perpendicular forces. In silico loading predicted
that the collagen peptide had minimal resistance to bending, and exhibited in-
creased curvature with no distinct disruption of the characteristic triple helix
at low forces. As force increased, we observed that the helix began to fail and
underwent a microunfolding event, where a loop pulled out from the complex.
This local triple helix disruptionwas predicted to occur belowcovalent bond fail-
ure strength, suggesting that alternative molecular conformations occur within
the molecule as structures are loaded before the onset of structural failure. We
speculate that these changes may represent nano-damage to the structure and
be amechanism for energy storage and dissipation. Furthermore, these predicted
conformational changes would precede macroscopic damage mechanisms.
2628-Pos Board B614
Effect of Rapamycin on Filamentous Fungal Cell Walls
Usha Sripathineni, Bill J. Moss, Liming Zhao, Robert W. Roberson,
David Schaefer, Mark R. Marten.
Filamentous fungi are widely used in the bioprocess industry to produce a vari-
ety of products resulting in billion dollar returns. Often times in industrial bio-
processes, fungi experience nutrient limitation, and we hypothesize that
autophagy, a nutrient starvation response, is induced. We further hypothesize
that autophagy leads to changes in the mechanical properties of filamentous
fungal cell walls, resulting in thinner, weaker and stiffer walls. We test this hy-
pothesis here, using rapamycin (an immunosuppressant drug) to gratuitously
induce autophagy in the model fungi Aspergillus nidulans. Atomic force mi-
croscopy (AFM) is used to assess the mechanical properties of the cell wall,
electron microscopy is used to assess wall thickness and a novel fragmentation
assay is used to determine relative tensile strength of the culture. We will report
on these studies and how they support our hypotheses.
Biotechnology & Bioengineering I
2629-Pos Board B615
Nanocluster Beacon (NCB): A DNA-Silver Nanocluster Probe that Fluo-
resces upon Hybridization
Hsin-Chih Yeh, Jaswinder Sharma, Jason J. Han, Jennifer S. Martinez,
James H. Werner.
Oligonucleotide-templated silver nanoclusters (DNA/Ag NCs) are an emerging
set of fluorophores that have seen applications in cellular imaging and chemi-
cal/biological detection. Recently we discovered the red fluorescence emission
of DNA/Ag NCs could be enhanced more than 500 fold when brought into
close proximity to a guanine-rich DNA sequence (Yeh et al., Nano Letters,
10 (8): 3106-3110, 2010). Based on this finding, we developed a new type of
molecular probe (termed NanoCluster Beacon, NCB) that fluoresces upon tar-
get DNA binding. Compared to molecular beacons, NCBs require only a single
labeling step and do not rely on F [[Unable to Display Character: &#337;]]rster
energy transfer as fluorescence switching mechanism. Moreover, there is no
need to remove the silver nanocluster precursors (Agþ and BH4-) used during
Tuesday, March 8, 2011 485ananocluster formation, as these are essentially non-fluorescent. Our detection
technique is simple, inexpensive, and compatible with commercial DNA syn-
thesizers. It is also the first demonstration that a turn-on probe can be made
based on fluorescent noble metal nanoclusters.
Our initial investigation demonstrated NCB detection of an influenza target
with a signal-to-background (S/B) ratio five times better than that of a conven-
tional molecular beacon. Here, we expand upon this work to demonstrate
a method of using NCBs to differentiate single-nucleotide variations. Our
method discriminates single-nucleotide variants by colorimetric change of
the NCB probes rather than fluorescence intensity change. This added dimen-
sionality enables the increase in fluorescence intensity (on/off switching) to
quantify the amount of target, whereas the fluorescence color identifies
single-nucleotide variants. Samples with single-nucleotide variations can be
unambiguously identified on a common gel imager with naked eyes, making
this method a reliable and low-cost assay with simple readout format.
Ref: H.-C. Yeh et al., "A DNA-silver nanocluster probe that fluoresces upon
hybridization," Nano Letters 10 (8): 3106-3110, 2010.
2630-Pos Board B616
Real-Time Label Free Analysis of Native Bacterial Cells Binding to Carbo-
hydrate Microarray
Yiyan Fei, Carlito Lebrilla, Jay Solnick, Thomas Boren, Xiangdong Zhu.
We present a novel experimental system based on glycoconjugates microarray
and oblique-incidence reflectivity difference (OI-RD) microscopy to analyze
binding of the onco-pathogenHelicobacter pylori to surface immobilized carbo-
hydrates. The results confirm the recognized high-affinity binding of H. pylori
BabA to the fucosylated Leb antigen, and suggest the presence of additional
Leb binding adhesins not previously detected. OI-RD microscopy is a recently
developed method for analyses of label-free biomolecules binding to immobi-
lized targets by measuring small changes in phase and amplitude of a reflected
optical wave from a solid surface due to the reaction of a solution-phase probe
with the target. Besides applications of OI-RD in DNA hybridization, antigen-
antibody interactions and small molecule libraries screening, we apply OI-RD
microscopy to the binding analyses ofwhole bacterial cells to their host receptors
presented on surfaces. Glycoconjugates microarrays consisting of Lea-HSA,
Leb-HSA, Lex-HSA, and Ley-HSA were probed with H. pylori, H. pylori
BabA deletion mutant and recombinant BabA protein. H. pylori demonstrated
specific binding to Leb antigen, but did not bind to the closely related Lea, Lex
or Ley antigens. The specificity in binding to the Leb antigen and not to Lea,
Lex or Ley antigenswas faithfully reproduced by recombinant BabA protein. Be-
sides,H. pylori BabA deletion mutant does not express BabA and does not bind
to Leb-HSA in solution, also demonstrated specific albeit reduced binding to Leb
antigen. These results suggest that some H. pylori strains exhibit a complemen-
tary Leb-binding activity (independent of BabA) that has not been previously de-
tected. The OI-RD technology with real-time analyses of whole cell bacterial
binding to multivalently presented receptors in solid phase combined with mag-
nified sensitivity for weaker adherence properties, offers new possibilities for
identification of discrete attachment mechanisms essential for the infectious.
2631-Pos Board B617
Probing the Strength of a Bio-Nano Hub by Single-Molecule Force
Spectroscopy
Minkyu Kim, Mahir Rabbi, Piotr E. Marszalek.
Natural and synthetic polypeptides have been proposed to be utilized as nano
building blocks for biomolecular materials due to their unique mechanical
properties, such as spring or shock absorber behaviors. Chemical linkages
are commonly employed due to their strong covalent bonds to assemble these
building blocks. However, biomaterials composed of these building blocks ran-
domly associated by chemical linkages, typically lose the original mechanical
properties of their molecular framework. Here, we have created two dimen-
sional (2D) bio-nano structures by using tetrameric streptavidin as a biological
cross-linker, and directly measured the strength of streptavidin tetramers with
the AFM. The strength of this biological linkage is capable of maintaining nat-
urally cross-assembled 2D nanostructures, with the measured lowest unbinding
force of ~ 400 pN at loading rates of ~10 nN/s. We reveal mechanically one of
the strongest non-covalent biological linkages in nature, making streptavidin
a strong potential structural nano-hub for hierarchical biomolecular-based ma-
terials. (This work is supported by NIH).
2632-Pos Board B618
Heterogeneous Immunosensors that Do not Require Protein Immobilization
Ewa Heyduk, Agnieszka Lass, Ling Tian, Tomasz Heyduk.
We have recently described a homogenous immunosensor design that utilizes
target-induced annealing of the oligonucleotides attached to the antibodies via
nanometer-size flexible linkers to generate fluorescence signal allowing rapid de-
tection of the target. Here we describe an alternative variant of this sensor designinwhich the presence of the target induces an association of antibody-target com-
plex with oligonucleotide-functionalized solid surface. This allows designing
solid-surface based sensors for detecting proteins that avoid technical difficulties
involved in immobilizing antibodies or antigens. We used human cardiac tropo-
nin,CEAand pathogenic bacteria (E. coliO157:H7) as example targets to test and
demonstrate the applicability of our design. Microplate wells or glass slides were
functionalized with the oligonucleotide containing complementary sequences to
the fluorochrome-labeled oligonucleotides attached to target-specific antibodies.
Target-concentration dependent signals were observed in the presence of anti-
bodies and the target whereas only background fluorescence was observed with
the antibodies in the absence of the target. Since all interactionswith the glass sur-
face in our design are mediated through oligonucleotide-oligonucleotide interac-
tions, the sensors can be quickly regenerated by a simple low salt wash. Stability
of immobilized oligonucleotides allows reusing the sensors multiple times with-
out loss of functionality. Since multiplexing could be accommodated in this sen-
sor design,we believe these sensors will find applications for parallel detection of
multiple targets. A single sensor could be used for detecting different targets by
matching the sequences of the oligonucleotides used for labeling the antibodies
with the sequence of oligonucleotides immobilized on sensor surface.
2633-Pos Board B619
Determination of Contamination of Beverages using Dielectric
Spectroscopy
Christopher E. Bassey, Sarah A. Mintah.
Knowledge of the dielectric properties of beverages and juices provides informa-
tion on their purity, quality and composition. Dielectric properties such as
relative permittivity, dielectric loss factor, and electrical conductivity weremea-
sured as a functionof frequencyusing an open-ended dielectric probe in conjunc-
tion with an automatic network analyzer (ANA) between 0.1 and 3 GHz
frequency range. Dielectric properties of pure drinks such as Gatorade, water,
wine, beer, and drinks contaminated with various volumes of ethylene glycol
were measured at a temperature of 20.0 degrees Celsius. Results showed a de-
crease in dielectric constant with frequency for all samples. There was- a linear
increase in dielectric constant with per cent volume contaminant. Results also
showed an increase in the dielectric relaxation time of the contaminated drinks
with the level of contamination, which is attributed to the increased charge con-
tent in the contaminated drinks. Theminimumdetectable per cent contamination
was about 1 %. This technique holds a strong potential for use in routine quality
control measurements in pharmaceutical industries and wineries.
2634-Pos Board B620
Subpicosecond Photonic Switching Based on Bacteriorhodopsin
Pal Ormos, La´szlo´ Fa´bia´n, Zsuzsanna Heiner, Mark Mero, Miklo´s Kiss,
Elmar K. Wolff, Ka´roly Osvay, Andra´s De´r.
The continuous growth of internet traffic represents a serious demand for sig-
nificant improvement both in capacity and speed of data trafficking. All-optical
data processing is generally considered to be the most promising approach to
achieve these goals. The state-of-the-art photonic integration technology is
ready to provide the passive elements of the optical integrated circuits. The
bottle-neck is a proper nonlinear optical material in waveguide-based inte-
grated optical circuits that provide the light-controlled active functions. Several
inorganic and organic materials have been suggested for this special applica-
tion, however, none of them is considered to be the optimal solution.
Here we present a subpicosecond photonic switch where the active role is per-
formed by the chromoprotein bacteriorhodopsin. The changes in the refractive in-
dex that accompany the steps of the photocycle of bacteriorhodopsin are used for
all optical switching in appropriate integrated optical devices.We use grating cou-
pled planar waveguides and the coupling is modulated by the light induced refrac-
tive index changesof bacteriorhodopsin. The switching is demonstrated inultrafast
pump-probe experiments. Different transitions of the photocycle are explored for
switching applications.We show that by using the bR to I transition subpicosecond
switching can be readily achieved. The approach may serve as a basis for the real-
ization of protein-based integrated optical devices, eventually leading to a concep-
tual revolution in telecommunications technologies.
2635-Pos Board B621
Characterization of Quantitative FRET Sensors for Fluorescence Molecu-
lar Tomography
Qing Liu, Xin Xie, Yi Zhang, Yanyan Xu, Yue Zhang, Xin Liu, Jing Bai,
Xiaodong Liu.
Fluorescence molecular tomography (FMT) emerges as a promising approach to
acquire dynamic information of key molecules in vivo. We propose to utilize
BSCaMIQ, FRET (Fluorescence Resonance Energy Transfer) sensors of calmod-
ulin (CaM), to achieve more specific and robust measurement for FMT targeting
CaM. First, whole-cell patch clamp is applied to cells co-expressed with L-type
voltage gated Ca2þ channels and BSCaMIQ sensors. This way, we validate and
